Abstract. In the first operational phase of the stellarator Wendelstein 7-X (W7-X), the X-ray Imaging Crystal Spectrometer (XICS) system has been commissioned for measuring radial profiles of ion and electron temperature, T i and T e , plasma rotation velocities v P , and selected impurity densities n Z . This paper shows the first measurements of the spectrometer and gives an initial calculation of impurity transport parameters derived from an Ar impurity transport study. Using Bayesian analysis, the temporal evolution of Ar impurity density profiles after an Ar gas puff could be observed with a time resolution of up to 5 ms, yielding a maximum value for the diffusion coefficient of D = 1.5 m 2 /s at ~0.5 and small pinch velocities in the inner plasma region.
Introduction
In the first operational phase of the stellarator W7-X, plasmas with peaked temperature profiles up to T e = 8 keV and T i = 2 keV and maximum pulse lengths of 6 s have been achieved [1, 2] . Moreover, experiment programs of stationary ion and electron temperature and electron density profiles, n e , have been established, enabling the conduction of initial impurity transport experiments by puffing Ar gas into the plasma [3] . Here, Ar densities have been monitored using an x-ray imaging crystal spectrometer system XICS, which is a standard diagnostic for the determination of radial profiles of T i and T e , plasma rotation velocities v P , and selected impurity densities n Z [4] [5] [6] [7] [8] .
On the way towards a steady state operation of W7-X, the investigation of impurity transport is of particular interest. For stellarators, neoclassical theory predicts a general impurity inward drift which may lead to impurity accumulation in the plasma center and, in the worst case, to a potential plasma collapse due to impurity radiation, especially for long pulse times in the order of several minutes. Therefore, plasma scenarios preventing or minimizing impurity accumulation needs to be developed, using dedicated transport studies.
Impurity transport experiments typically consist of injecting impurity species into the plasma and monitoring its temporal and/or radial distribution, using several diagnostics. A comparison of measured impurity abundances with simulated ones using various transport codes yields estimations on diffusive and convective transport coefficients [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Alternatively, fluxes and transport coefficients can be derived from the knowledge of total impurity densities, as shown for impurity transport [19] [20] and also for electron transport [21] , neglecting external sink and source terms. However, for one particular charge state, it is not straight forward to measure transport coefficients and impurity fluxes directly, since e.g.
x-ray based measurements using soft x-ray diodes average over a sum of multiple charge states.
In this paper, a method for the determination of transport coefficients directly from imaging spectrometer measurements is shown, as to our knowledge, for the first time. The method relies on the measurement of neighbouring impurity charge states that together with its temporal evolution fully define the flux of one particular charge state. The particular interest on a transport study using high resolution x-ray spectra is also stimulated by the ability of these diagnostics to distinguish between different charge states. Here, calculations are done for Ar 16+ (He-like argon), yielding initial observations of core transport coefficients in W7-X.
XICS Spectrometer Design
The X-ray Imaging Crystal Spectrometer XICS has been set up at W7-X in collaboration with the Princeton Plasma Physics Laboratory [22] . The spectrometer is equipped with a spherical bent crystal, so that x-rays emitted from the plasma are imaged onto a two dimensional detector with energy resolution in horizontal, and spatial resolution in vertical direction on the detector. for the Bragg angle of 54.0° using a quartz crystal.
Temperature and Density Profile Inference
A spectral fit of line of sight integrated spectra and a tomographic inversion of XICS data yields profiles of the above mentioned plasma parameters as shown in figure 2. Spectral fits n Ar 15+ density relates directly to the q satellite intensity, n Ar 16+ , and n Ar 17+ densities are not directly given but result from a complex mixture of emission lines with different dependencies on the main excitation w, x, y, z, and several satellite lines. For details, see [25, 26] . Effects of charge exchange with the neutral H background gas have been neglected.
We note the increase of the ratio between the z and the w line at the plasma edge. It is a strong indicator on the presence of neutrals [27] accompanied by transport processes driving H-like
Ar towards the plasma edge [28, 29] so that the diagnostic can be potentially used to derive the neutral density profile at the plasma edge. For instance, the increased ratio between n Ar 17+ to n Ar 16+ (figure 2 d) towards the edge shows the role of the charge-exchange recombination in and n e profiles and a defined Ar gas puff outside the last closed flux surface, the temporal 
Argon Impurity Transport Study
For a more detailed analysis of impurity transport, Ar gas puff experiments have been performed. Therefore, a small amount of Ar gas has been puffed for 30 ms in non-perturbing trace amounts (n Ar < 5x10 -15 m -3 ) into the plasma at a stationary phase of static T e, T i, and n e profiles, typically 150 ms after the start of the ECR heating. In figure 4 a)-d), time traces of the ECR heating power, the central T e , T i , and n e are shown together with the onset of the Ar gas puff. While the central T e and the heating power can be assumed to be stationary, central
and n e still show a slight temporal evolution after the Ar puff for t > 150 ms, respectively.
Since the n e profile is an input parameter used for the spectral fit of XICS spectra, the measured n e evolution has been taken into account for each time step of the Ar profile ms (35 ms after the Ar gas puff), a pronounced and fast rise of the Ar 16+ density profiles with a rise time of 30±5 ms can be observed, followed by a slow decay phase. A similar behavior can be seen for the n Ar 15+ and n Ar 17+ profiles, see also figure 4 e).
The measured temporal evolution of n Ar
15+
, The ionization S and recombination rate coefficients R for all impurity charge states are taken from the ADAS database [32] . Note, that with the above defined effective radius using the square root of normalized magnetic flux (r = a = a LCFS ), equations 1 and 2 can be applied to axisymmetric as well as non-axisymmetric plasmas. For high-aspect-ratio systems like stellarators, the specific volume V/  varies only slightly with radius. Its radial variation relative to its central value is the so-called magnetic well which is typically in the 1% range. 
